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Abstract 



Energetic primary cosmic rays entering the Earth's atmosphere generate flux of 
secondary particles including neutrinos. Muon neutrinos passed through the Earth 
and produced muons via the charged current reaction (CC) can be registered by 
experimental setups intended for the measurements with colliding beams. Due to 
large geometrical size and advanced muon detecting system such detectors as ATLAS 
and CMS on LHC have chance to contribute also into the neutrino physics. The 
estimation of possible rates of up-going muons produced by neutrinos is given. 

The ATLAS [1] and the CMS p] detectors are the general purpose detectors on the 
Large Hadron Collider. They are intended to study particle interaction at high energies. 
But the universality and An geometry of these detectors provide possibility to measure the 
flux of the atmospheric muon neutrinos via the registration of up-going muons, produced 
in the charged current neutrino interactions in surrounding rock, by the muon system of 
the detectors. 

The event rate of up-going muons can be expressed as: 



where Wmt is the probability of neutrino CC interaction in fiducial volume of the detector. 
The fiducial volume (see Fig. [Tl) of the detector can be characterized by the aperture 
Qo{E^) and the radius R{Ey). In the simplest case the aperture can be assumed to be 
independent on the neutrino energy and equal to 27r (lower hemisphere). The radius 
R{E^) can be defined as the maximal distance which can be passed by produced muon to 
be detected: 



where r is average muon range and -Emm is the threshold of muon registration. The muon 
energy loss may be expressed as 
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where a is the ionization loss and h is the energy loss by the radiative processes. So the 
average muon range is: 
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Figure 1: Use of the detectors like ATLAS and CMS as neutrino telescopes. 



The probability of muon production within the fiducial volume is: 
where a is the CC cross section and is the concentration of nucleons. 
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Figure 2: The measured flux of 

the atmospheric [3]. Figure 3: Spectral sensitivity of ATLAS detector. 

The flux of the muon neutrinos in the energy above 10 GeV (see [3] and Fig. [2|)can be 
parameterized by the expression: 
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0.1 X E-^ GeV-^cm-^sr-^s-\ 
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The averaged CC cross section for and i/^ per nucleon is: 



a = 




0.5 X 10'=^^ X E^[GeV] cm^ [4j. 
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For numerical estimation one can assume that the density of surrounding rock is 
2.65 g X cm"'^, the concentration of the nucleons riN to be about 1.6 x 10^^ cm~^, a = 
6.5 X 10~^ GeV/cm , b = 10~^ cm~^ and i?^ ~ E^. One also assumes that the effective 
square Seff of the detectoris 10'' cm^ and the threshold of muon registration Emin=^^ 
GeV. Such parameters look like to be realistic for ATLAS detector. So, for 100% efficiency 
of trigger and muon track reconstruction the event rate of up-goung muons produced by 
neutrinos is: 



The energy distribution of atmospheric neutrinos which can be detected by ATLAS 
via CC reaction is shown in FigO The fiducial volume for E^ = 100 GeV is 7 x 10^ m^. 

The event rate for CMS detector is less due to smaller geometrical size of the detector 
but also about 1 event per day. The estimated rates of neutrino events about 1 event per 
day are comparable with the event rate in the AMANDA2 experiment [5] (~ 2 day~^) 
and in the Super-Kamiokande experiment (~ 1.5 day~^) [6]. Therefore ATLAS and 
CMS detectors can be successfully used for such tasks of neutrino physics like study of 
atmospheric neutrinos oscillation and registration neutrinos from astrophysical sources. 
Unquestionable advantage of the detectors like ATLAS and CMS is the possibility to 
distinguish between events induced by neutrino and antineutrino. So the differential 
fluxes of Ufj, and can be measured independently. 

The main shortcoming of LHC detectors for neutrino physics is that they are places 
at low depth under the ground level. 300 m of water equivalent is not enough to protect 
the detector against the muons coming from upper hemisphere and scattered back. (This 
value should be compared with 1-2 km for AMANDA, 1.3-2.3 km for IceCube [7] and 
2.7 km for Super-Kamiokande.) But one can hope that contributions from background 
muons from upper hemisphere and from the muons induced by neutrino interactions have 
different energy and angular distributions and can be separated statistically in offline 
analysis. 

The precision of measurement of neutrino direction is limited by the uncertainty of the 
angle between neutrino and muon going directions which is about 3.5° for i?^ = 100 GeV 
while the upper limit of uncertainty related with the multiple scattering in rock is 2°. 
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